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Abstract 
In the present study the effect of an austempering heat treatment on the quasi-static and fatigue behaviour of ductile iron was 
studied. 40 mm Y-blocks were used for the investigations with the risers cut off before heat treatment. Testing specimens with 
as-cast (pearlitic) and austempered microstructure were taken out from two different positions of the Y-blocks. 
The austempering heat treatment increases tensile strength, yield strength, elongation at fracture and fatigue strength. Tensile and 
fatigue tests verify that the mechanical properties are lower close to the riser. This is explained by the varying microstructure in 
the Y-blocks. 
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1. Introduction 
Austempered Ductile Iron (ADI) is characterized by high strength, toughness, wear resistance and fatigue 
strength [1-2]. The required material properties of ADI can be adjusted specifically through an additional heat 
treatment on conventional ductile iron. The ASTM standard specifies five grades of ADI with different 
combinations of tensile strength, elongation, impact energy and hardness [3]. The austempering heat treatment is 
defined by three important steps: austenitizing, quenching and cooling to room temperature [4]. Thereby the as-cast 
microstructure consisting of perlite and/or ferrite totally changes into the so-called ausferrite. The final ausferrite 
consists of fine acicular ferrite in a matrix of retained austenite stabilized by the increased carbon content. The 
formation of iron carbides should be avoided because of their detrimental effect on ductility [5]. 
To obtain the best mechanical properties of ADI the heat treatment must avoid the formation of perlite (and 
ferrite) which could be found at low cooling rate at quenching and large wall thickness [1,6]. 
The austenitizing temperature (TA = 850 ± &GRHVQRWFKDQJHWKHDV-cast microstructure totally, because 
graphite nodules (distribution, shape and size) and other constituent parts (e.g. eutectic carbides, micro shrinkage) 
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remain unaffected [7-8]. Therefore, heat treatment parameters and microstructure of the as-cast ductile iron 
determine the mechanical properties of ADI. The microstructure of ductile iron is determined by chemical 
composition, casting and solidification conditions.  
The casting size has a major influence on the mechanical behaviour of ADI and ductile iron, because 
solidification and heat treatment are strongly dependent on wall thickness. Investigations on Y-blocks showed that 
an increasing solidification time (larger wall thickness) leads to a reduction of tensile strength and elongation [9-11].  
2. Experimental procedure 
40 mm Y-blocks (according to DIN EN 1564) shown in figure 1a were used in the present investigations. The Y-
blocks were poured in sand casting procedure and the chemical composition is given in table 1. Before heat 
treatment the risers of the Y-blocks were cut off and only the remaining bars were austenitized and austempered. 
After austempering heat treatment specimens for tensile tests and fatigue tests were machined out of two different 
positions in the bars. The sampling method is shown in figure 1b. Specimens out of the bottom of the Y-Blocks are 
FDOOHG³ERWWRP´DQGVSHFLPHQVQH[WWRWKHFXW-RIIULVHUDUHFDOOHG³WRS´ 
Table 1. Chemical composition of the used ductile cast iron 
element C Si Cu Mn Ni 
wt-% 3,23 2,29 0,74 0,23 0,78 
 
Tensile tests and rotary bending fatigue tests on ADI and as-cast ductile with special regard to the sampling 
positions were realized. For every combination of heat treatment (as-cast, austempered) and sampling position 
(bottom, top) three tensile tests were performed. Fatigue tests were done on both sampling positions (bottom, top) 
IRU$',DQGRQO\IRUSRVLWLRQ³WRS´IRUDV-cast ductile iron. Fatigue specimens with a gage length of 20mm and a 
diameter of 7.5 mm were used and the number of cycles for run-out tests was set to 5 million cycles. 
Microstructure and fracture surfaces were investigated with light microscope and scanning electron microscope 
(SEM). 
 
(a)  (b)  
Fig. 1. (a) A schematic illustration of the used Y-block in millimetre; (b) procedure of sampling of specimens for tensile and fatigue tests 
3. Results and discussion 
3.1. Heat treatment 
The as-cast microstructure in the area of the heat treatment bars near the riser is shown in figure 2a. The 
microstructure consists of graphite nodules and pearlite matrix with low ferrite content around the nodules or at 
JUDLQERXQGDULHV0HWDOORJUDSKLF LQYHVWLJDWLRQVVKRZWKDW WKHPHDQQRGXOHGLDPHWHU LQFUHDVHV IURPPDW WKH
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bottom of the Y-EORFN WR  P DW WKH XSSHU DUHDV RI WKH EDU WRS 7KLV FRDUVHQLQJ RI WKH PLFURVWUXFWXUH LV
attributed to the prolongation in solidification time next to the riser. 
Investigations of the microstructure after austempering heat treatment prove a total transformation of as-cast 
pearlitic structure into ausferrite till the centre of the bars after heat treatment. The ausferrite of the present 
austempering process shows the typical microstructure of medium austempering temperatures: acicular ausferrite 
without large areas of retained austenite and martensite (figure 2b). 
 
(a)  (b)  
Fig. 2. ± Typical microstructures for (a) as-cast ductile iron; (b) austempered ductile iron 
3.2. Tensile tests 
The results of the tensile tests of both sampling positions and both microstructures are shown in figure 3a,b. The 
austempering heat treatment increases tensile strength, yield strength and elongation of the as-cast ductile iron. Both 
testing materials, ADI and ductile iron, show low scatter in strength value but high scatter in elongation at fracture. 
The quasi-static mechanical properties are influenced by the sampling position and are lower next to the riser. 
Tensile strength and yield strength reduce slightly, but elongation decrease considerably (10-25%) between the 
sampling positions bottom and top in the 40 mm bars. 
The reduction of the mechanical properties could be explained by the solidification conditions dependent on wall 
thickness. Longer solidification times led to a coarser formation of microstructure which is evident with the 
increasing mean diameter of graphite nodules. 
 
(a)  (b)  
Fig. 3 ± Results of tensile tests of as-cast ductile iron and austempered ductile iron: (a) tensile strength and yield strength; (b) elongation 
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3.3. Fatigue tests 
In figure 4 the results of the rotary bending fatigue tests are shown. ADI exhibits in comparison to the as-cast 
ductile iron an improvement of the fatigue behaviour. The increase of fatigue strength with a limiting number of 
cycles of five million cycles is about 50 percent. The increase of fatigue strength correlates with increase of tensile 
strength due to the complete transformation of the microstructure into ausferrite. The fatigue ratio of fatigue limit to 
WHQVLOHVWUHQJWKıfıutZKHUHıf LVWKHIDWLJXHOLPLWDQGıut is the tensile strength) for ADI and as-cast ductile iron 
remains approximately constant and is for as-cast ductile iron (top), ADI (bottom) and ADI (top) 0.37, 0.42 and 0.39 
respectively. 
The fatigue tests point out a slightly difference between the two sampling position (bottom, top) in fatigue 
strength in finite life and fatigue strength. The specimens taken out from the bottom position in Y-blocks show a 
slightly improved fatigue behaviour which is in accordance to the results of tensile tests and could be explained the 
differences in microstructure through solidification conditions. Longer solidification rates of ductile cast iron next to 
the riser lead to a coarse microstructure which is evident in the increase of the mean graphite nodule diameter. A 
finer microstructure and a lower nodule diameter respectively exhibit in ADI a better fatigue behaviour. 
 
 
Fig. 4 ± Comparison of S-N curves of rotary bending fatigue test results between as-cast ductile iron (top), ADI (bottom), ADI (top) 
Fractography confirms that micro shrinkage near the specimens surface are the predominately fatigue fracture 
origins in austempered and as-cast ductile iron (figure 5). In the residual fracture zone pearlitic, as-cast ductile iron 
exhibits cleavage fracture in contrast to austempered ductile iron which shows ductile fracture. 
 
 
Fig. 5 ± SEM fractography of a typical fatigue fracture origin ± micro shrinkage   
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4. Conclusion 
 The as-cast microstructure of the copper-nickel-alloyed basic material in the 40 mm Y-blocks shows 
predominantly pearlite with few percentage of ferrite. The mean graphite nodule diameter increases near the riser. 
The austempering heat treatment totally changes the pearlitic microstructure into ausferrite. This ausferrite 
consists of acicular ferrite in a matrix of retained austenite without large areas of retained austenite and 
martensite.  
 The austempering heat treatment increases the quasi-static material behaviour and the fatigue behaviour of 
ductile iron considerably. The IDWLJXHUDWLRıfıut) remains constant for ADI and as-cast ductile iron.  
 The sampling position in 40 mm Y-blocks has an (slightly) influence on the achievable mechanical properties. 
Material out of the bottom of the Y-blocks shows comparable tensile strength and yield strength but higher 
elongation in ADI and as-cast ductile iron. The comparison of the fatigue behaviour of ADI of both sampling 
positions showed a similar trend. 
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